INTRODUCTION {#sec1-1}
============

Immunoglobulin G4-related disease (IgG4-RD) is a family of orphan, autoimmune diseases, which share key features affecting nearly all systems throughout the body.\[[@ref1][@ref20]\] IgG4-RD is rarely found in the central nervous system, and it is more frequently found intracranially rather than in the spine.\[[@ref9][@ref16]\] In the spine, IgG4-RD typically presents as a pachymeningitis that may cause spinal cord and/or nerve root compression.\[[@ref2][@ref3][@ref12][@ref18][@ref19][@ref22][@ref25]\] In total, 15 such cases have been reported in the literature.\[[@ref2][@ref3][@ref8][@ref9][@ref10][@ref12][@ref15][@ref16][@ref17][@ref18][@ref21][@ref23][@ref25]\]

In this study, we summarized 15 cases of spinal IgG4-RD found in the literature and added our case of IgG4-related spinal pachymeningitis contributing to spinal cord compression. The patient presented responded well to surgical decompression and post-operative steroid administration. This highlights how important it is for spine surgeons to consider this disease, as early detection and treatment result in improved outcomes.

CASE REPORT {#sec1-2}
===========

Clinical background {#sec2-1}
-------------------

A 48 year-old female presented with 8 weeks of lower back pain, neurogenic claudication, and right lower extremity radiculopathy. On examination, she was neurologically intact.

Imaging {#sec2-2}
-------

The MRI of her lumbar spine with and without contrast showed an enhancing extradural mass at the L2-L3 level extending into the right neural foramen, contributing to severe central and right L2-L3 foraminal stenosis \[[Figure 1](#F1){ref-type="fig"}\]. MRI studies of the cervical and thoracic spine were negative, as was the CT of her chest, abdomen, and pelvis.

![MRI of the lumbar spine. (a) Sagittal postcontrast scan showing an enhancing mass at the L2-3 level. (b) Axial postcontrast scan showing a right-sided mass extending into the right neural foramen causing foraminal expansion and canal stenosis. (c) Axial T2 showing severe central stenosis](SNI-9-209-g001){#F1}

Surgical technique {#sec2-3}
------------------

The patient underwent central and right neural foraminal decompression at the L2-L3 level. The tumor capsule was clearly defined. Tumor originated from the right lateral recess-L2-L3 neural foramen. An excisional biopsy provided the histopathological diagnosis on frozen section of a lymphoproliferative tumor. According to the intra-operative frozen section, the tumor was debulked allowing for decompression of the thecal sac. Additional samples were subsequently sent for a lymphoma panel evaluation.

Postoperative course {#sec2-4}
--------------------

Postoperatively, she was started on 4 mg of intravenous dexamethasone every 6 h. The postoperative lumbar MRI showed the thecal sac, and neural elements at the L2-L3 level was adequately decompressed \[[Figure 2](#F2){ref-type="fig"}\]. However, there was a small amount of residual tumor ventral to the thecal sac extending laterally into the right L2-L3 neural foramen. A PET CT scan later confirmed her known residual spinal disease, but without evidence of hypermetabolism/disease elsewhere. After 5 days of intravenous dexamethasone, she was discharged home with a 2-week oral steroid taper.

![Postoperative MRI. (a) Sagittal contrast enhancing scan showing residual tumor ventral to the thecal sac. (b) Axial contrast-enhancing scan showing residual tumor extending laterally into the neural foramen. (c) Axial T2 image showing adequate decompression of the thecal sac](SNI-9-209-g002){#F2}

Histopathological diagnosis {#sec2-5}
---------------------------

The patient\'s lymphoma panel was negative. Rather, the final pathology report showed dense mixed lymphoplasmacytic and histiocytic inflammatory infiltrate with marked stromal fibrosis and a large number of IgG4+ plasma cells with an IgG4/IgG ratio of 27% \[[Figure 3](#F3){ref-type="fig"}\]. Her serum IgG4 level was normal. Furthermore, a bone marrow biopsy obtained as an outpatient was negative for lymphoproliferative disorder or plasma cell dyscrasias with absent IgG4+ plasma cells.

![Histopathology slides. (a) Hematoxylin and eosin showing mixture of inflammation and fibrosis. (b) Hematoxylin and eosin showing areas of more extensive mononuclear inflammation. (c) CD3, numerous T-cells. (d) CD20, relatively fewer B-cells. (e) CD138, heavy plasma cells. (f) Kappa light chain. (g) Lambda light chain. (h) IgG. (i) Scale bar = 50 microns; IgG4](SNI-9-209-g003){#F3}

One-year follow-up {#sec2-6}
------------------

The patient continued to improve clinically. At her 1-year follow-up, she remained clinically asymptomatic without evidence of recurrent disease. Her treatment plan is for continued conservative management. Should her symptoms recur, she would be a candidate for the re-initiation of steroids.

DISCUSSION {#sec1-3}
==========

Clinical presentation of IgG4-RD {#sec2-7}
--------------------------------

The PubMed database was utilized to identify 15 cases in 13 publications (2000--2017) of IgG4-RD causing spinal cord and/or nerve root compression \[[Table 1](#T1){ref-type="table"}\].\[[@ref2][@ref3][@ref8][@ref9][@ref10][@ref12][@ref15][@ref16][@ref17][@ref18][@ref21][@ref23][@ref25]\] Patients averaged 48.25+/--11.50 years of age \[[Table 1](#T1){ref-type="table"}\]. Lesions were more common in males (2.2:1) and were more frequently seen in the thoracic spine, followed by lumbar spine, cervicothoracic junction, and cervical spine (ratio 3:2:2:1).
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Ratio of IgG4-RD, symptoms, and treatment options {#sec2-8}
-------------------------------------------------

The IgG4/IgG ratio was greater than 40% in 3 of 9 cases (33.3%). Serum IgG4 was elevated in 2 of 9 cases (22.2%). Only 2 cases reported an elevated CSF IgG4 index. Treatment options varied; these included surgical decompression, application of glucocorticoids, and use of immunosuppression therapy. All cases reported improvement in symptoms, with 4 cases reporting complete resolution of symptoms at final follow-up.

Autoimmune IgG4-RD {#sec2-9}
------------------

IgG4-RD is a collection of autoimmune disorders, which have recently been grouped together because of their unique manifestations. IgG4-RD presents in nearly all organ systems but remains rare in the central nervous system.\[[@ref1][@ref19]\] Only 15 cases of IgG4-RD causing spinal cord and/or nerve root compression have been reported in the literature \[[Table 1](#T1){ref-type="table"}\].\[[@ref2][@ref3][@ref8][@ref9][@ref10][@ref12][@ref15][@ref16][@ref17][@ref18][@ref21][@ref23][@ref25]\]

Presentation of IgG4-RD in the central nervous system {#sec2-10}
-----------------------------------------------------

In the central nervous system, IgG4-RD manifests primarily as hypertrophic pachymeningitis, and may be misdiagnosed as lymphoma given its pseudotumor appearance.\[[@ref20]\] The current diagnostic criteria for IgG4-RD require at least two of the three following conditions: lymphoplasmacytic infiltrate, fibrosis in a storiform pattern, and obliterative phlebitis.\[[@ref7]\] Additional criteria in IgG4-RD affecting other organ systems include elevated serum IgG4 levels, a ratio of IgG4/IgG greater than 40%, and infiltration of organs with IgG4+ plasma cells.\[[@ref6][@ref7][@ref14]\] Analysis of data from [Table 1](#T1){ref-type="table"} shows only 22.2% of patients with IgG4-related pachymeningitis causing spinal cord and/or nerve root compression had elevated serum IgG4 levels, with only 33.3% of patients having a ratio of IgG4/IgG greater than 40%. These findings are consistent with those reported by Lu *et al*. and Kosakai *et al*.\[[@ref13][@ref16]\]

CSF IgG4 index {#sec2-11}
--------------

Della-Torre *et al*. utilized a CSF IgG4 index for diagnosing and monitoring patients with IgG4-related pachymeningitis.\[[@ref5]\] The CSF IgG4 index indicated intrathecal IgG4 synthesis and was useful for assessing patients diagnosed with IgG4-related pachymeningitis. Only 2 patients in the series reviewed had a CSF IgG4 index, which was elevated in both cases \[[Table 1](#T1){ref-type="table"}\]. More data are required to determine the sensitivity and specificity of this measure in diagnosing patients with IgG4-RD of the spine.

Histopathology and immunohistochemistry of IgG4-RD {#sec2-12}
--------------------------------------------------

Histopathological and immunohistochemical staining from a biopsied specimen showing a lymphoplasmacytic inflammatory infiltrate, fibrosis, and IgG4+ plasma cells remains the gold standard for diagnosing IgG4-RD. Similar to patients with IgG4-RD in other organs, patients with IgG4-related spinal pachymeningitis respond favorably to glucocorticoid treatment, which typically reduces the IgG4-RD pseudotumor mass and controls the inflammatory processes.\[[@ref4][@ref11][@ref20][@ref24]\] Glucocorticoid administration offers a non-invasive and highly effective treatment option for patients presenting with this rare diagnosis. Only patients with severe spinal cord and/or nerve root compression or progressive neurological decline may require surgical decompression with tumor debulking, followed by a course of glucocorticoid treatment to reduce the residual tumor burden.

CONCLUSION {#sec1-4}
==========

Prompt diagnosis and early administration of glucocorticoid treatment may result in the avoidance of surgical decompression in the very rare patients with IgG4-RD spinal tumors.
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